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Posture can be defined as the position of the body segments (i.e., head, trunk, pelvis, and limbs) in relation to one another and their orientation in space. [1] Postural control denotes the control of the body's position in space to obtain stability and orientation. [1] The trunk, being in the center of the body, plays a crucial role in the postural control. [2, 3] Integration of sensory input from the visual, vestibular and somatosensory systems, and control of motor system are essential to obtain postural stability and control. [1] Children with cerebral palsy (CP) exhibit impaired trunk control and posture due to inappropriate muscle strength and lack of sensory integration. [4] Receiving sensory cues during rehabilitation may improve postural control. [5, 6] In turn, postural management may alleviate hip problems in children with CP. [7] The stabilizing input pressure orthosis (SPIO) vest is a lycra-based compression orthosis which aims to improve proximal stability ( Figure 1 ). [8, 9] It provides extra-proprioceptive information which enhances the body awareness, and the correction of the proprioceptive input results in a more proper alignment. [8, 9] The proponents of the suit therapy methods have claimed that, once the body and body segments are in an proper alignment, intensive therapy with the suit on yields reeducation of the brain to recognize and form the correct movement of the muscles. [10, 11] The SPIO vest is composed of a front part which is comprised of double-or triple-layer of lycra fabric attached to Velcro®-sensitive neoprene back panel. Thus, it provides adjustable compression around the shoulder, trunk, pelvis, and hips. It is proposed that it provides stabilization of the trunk, shoulder and pelvis girdle. [8, 9] It has been also shown that the use of dynamic lycra-based orthosis is helpful to inhibit progression of the curve in a neuromuscular scoliosis case. [12] Although its effect on hip lateralization has not been well-established, yet, less hip adduction with a symmetric sitting position has been observed on a quadriplegic cerebral palsy case. [13] In recent years, many studies have reported an increased use of lycra-based compression garments; [6, 8, 9, 12, 13] however, there is a limited number of studies on the effectiveness of these garments on the trunk posture and hip lateralization. In the present study, we aimed to investigate the effectiveness of the SPIO vest on trunk posture and hip lateralization when used in combination with conventional exercise therapy in children with CP. The secondary aim was to compare the effects of two-and six-hours daily wearing of the SPIO vest.
PATIENTS AND METHODS
Between December 2013 and July 2015, a total of 24 children with CP (5 boys, 19 girls; mean age 61.1 months; range 35 to 105 months) with impaired trunk control were included in this single-blind, randomizedcontrolled study. All children were randomized to either of the three groups: the control group (received only conventional exercise therapy), the SPIO 2-hour group (worn orthosis two hours during therapy), and the SPIO 6-hour group (worn orthosis four hours in addition to two hours of wear during therapy) using opaque, sealed envelopes (NEKS) to which the investigators were blinded. The envelopes were given to the physiotherapist. Before treatment, all parents chose an envelope including an informative message about the group to which the child would be allocated, and the therapist started interventions according to the group allocation.
Children with CP who fulfilled the following inclusion criteria were included in the study: (i) impaired trunk control, (ii) mild-to-moderate, diplegic or tetraplegic spastic CP, (iii) aged between 35 and 105 months, (iv) the Gross Motor Function Classification System (GMFCS) level III-IV, (v) being able to understand and execute given instructions for the evaluations, and (vi) parental acceptance of using the lycra-based compression garments. Exclusion criteria were as follows: (i) contraindications for the use of compression garments such as having serious respiratory dysfunction, refractory cyanosis or circulatory disorder; reflux more than three times a week, (ii) having lycra-based compression orthosis treatment program previously, (iii) having botulinum toxin injection within the past three months or orthopedic surgery within one year, (iv) severe scoliosis (Cobb angle [CA] >40°), (v) uncontrolled epilepsy, (vi) having intrathecal baclofen pump, and (vii) having selective dorsal rhizotomy.
The sample size was calculated on the basis of the previously reported the mean change of the Sitting Assessment Scale (SAS) total score in the study conducted by Simsek et al. [4] Power analysis using a power of 80% and a significance of p=0.05 showed that at least eight children for each group had to be recruited to detect a minimum clinically significant difference of 1 unit of the SAS score between the groups, when the mean expected value in the first group was 16.47 with a standard deviation of 1.96 and the mean expected value in the second group was 13.20 with a standard deviation of 3.32.
Allowing for a conservative drop-out or loss to follow-up rate of about 20%, 26 children with CP who met the inclusion criteria were recruited in the study. An oral and written informed consent was obtained from each parent. The study protocol was approved by the Ethics Committee of Marmara University School of Medicine. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Interventions
All children were hospitalized for two weeks. All groups received conventional exercise therapy including the range of motion, strengthening, trunk control, and strengthening exercises in addition to exercises to improve fine and gross motor skills throughout their hospitalization, two hours per day, seven days per week. The control group received conventional exercise therapy alone. The SPIO 2-hour group received conventional exercise therapy with the garment on during two hours, while the SPIO 6-hour group wore the SPIO for four hours more in addition to two hours of wear during therapy.
During the follow-up after discharge, both SPIO groups continued wearing the orthoses at home. All children continued their regular therapies for one hour a day, two days a week. During follow-up, the wear time of garments was checked by phone calls on a weekly basis. No other changes in the physiotherapy or orthotic management or no addition of a new treatment method were allowed during follow-up.
Outcome measures
The SAS was used to evaluate the posture and balance during sitting. The Cobb (CA) and kyphotic angles (KA) were determined to find out the effect of the orthosis on trunk posture, while the Migration Index (MI) was calculated to examine the effect of orthosis on hip lateralization. To assess inter-rater reliability, radiographic measurements were carried out by two different investigators. All assessments were conducted before treatment (BT) and at six months after treatment (6MPT). The children were not allowed wearing the garment during the assessments.
The SAS was developed for the observational assessment of posture and balance during sitting after seating interventions. The scale consists of five items including head control, trunk control, foot control, arm function, and hand function which are assessed as follows: 1= none; 2= poor; 3= fair; 4= good). The minimum and maximum scores range from 5 to 20. The SAS has a high intra-(intra-class correlation coefficient [ICC] 0.87-1.0) and inter-rater reliability (ICC 0.87-1.0). [14, 15] In addition, the CA and KA was measured using specific digital X-ray analysis software (Surgimap version 2.2.2) (Nemaris Inc., NY, USA). The MI was calculated using the Picture Archiving Communication Systems (PACS) system (INFINITT Healthcare, Seoul, South Korea). Two researchers carried out the measurements independently.
When calculating the CA, the technique described by Oguz et al. [16] was used to decide which vertebrae were forming the upper and lower limits of the scoliotic curve. Those vertebrae are called end vertebrae. Intervertebral disc (IVD) spaces are narrowed on the concave side of curve. The vertebral levels which IVD spaces start to get wider are measured as the upper and lower end vertebral levels. The angle between the lines which are drawn parallel to the upper endplate of the superior end vertebra and lower endplate of inferior end vertebra forms the CA.
To calculate the KA, the angle between the lines drawn along the upper endplate of T 4 vertebra and lower endplate of T 12 vertebra is calculated. [16] Furthermore, the MI shows lateralization of femur with the percentage of the femoral head found lateral to the acetabular margin. To measure MI, one must draw a line through the triradiate cartilages (Hilgenreiner's line) and a vertical line (Perkin's line) at the outer margin of the acetabulum and perpendicular to the Hilgenreiner's line. The proportion of the femoral head out of the Perkin's line to entire measure of the femoral head gives the MI. [17] 
Statistical analysis
The sample size estimation was performed using the MedCalc for Windows version 12.2.1 (MedCalc Software, Mariakerke, Belgium). Statistical analysis was performed using the IBM SPSS for Windows version 20.0 software (IBM Corp., Armonk, NY, USA). The histogram and normality plots and Shapiro-Wilk normality test were used for data distribution analysis. Descriptive statistics were calculated using tables of frequencies for the ordinal variables and expressed in median (min-max) for the non-normally disturbed variables. The chi-square (c 2 ) was used to compare categorical variables. Within the group differences were analyzed using the Wilcoxon signed-rank test.
Differences between the groups were tested by the Kruskal-Wallis test. The Mann-Whitney U test was used to analyze the significance of pairwise differences using the Bonferroni correction (post-hoc test) to adjust for multiple comparisons. Using the Bonferroni correction, a p value of less than 0.017 (0.05/3) was considered statistically significant. Correlations between the radiographic measurements obtained from two different researchers were calculated using the Pearson correlation test for Migration Index on the left side (MI L ) BT, MI L 6MPT, and KA BT and Spearman correlation analysis for MI L BT, MI L 6MPT, and KA BT values. The inter-rater reliability of radiographic measurements was estimated using the ICC. The values of the ICC ranged from 0 to 1 with a higher value indicating better reliability. The ICC less than 0.40 was considered as poor; 0.40 to 0.59 as fair; 0.60 to 0.74 as good, and 0.75 to 1.00 as excellent. [18] A post-hoc power analysis was conducted using the G-Power version 3.1.9.2 (Heinrich-Heine-Universität, Düsseldorf, Germany) for the statistically significant test results. A p value of <0.05 was considered statistically significant.
RESULTS
There were no significant differences between the demographic and clinical characteristics of the groups (Table 1 ). Figure 2 shows Consolidated Standards of Reporting Trials (CONSORT) diagram of the study. Among 36 children evaluated for recruitment, 26 of them met the inclusion criteria. There were two drop-outs throughout the follow-up period. Finally, data from 24 children were analyzed. Correlations between the measurements performed by two independent investigators were found to be significantly high. (Table 2) .
Intra-group analysis
There were statistically significant differences in the SAS for all groups at 6MPT, compared to baseline ( Table 3) . None of the groups showed change in the MI of the right or left hip. While the CA and KA decreased significantly in the SPIO groups, neither KA nor CA was significantly different at 6MPT, compared to baseline, in the control group (Table 3, Figure 3 ).
Inter-group analysis
After treatment, all groups showed an increase in the SAS scores; however, the increase in the SAS was significantly less in the control group than the others (Table 4, Figure 3 ). Regarding the radiological measurements, decrease in the KA in the control group after treatment was significantly lower than the decrease in the KA in the SPIO groups. The changes in the CA and MI after treatment did not significantly differ among groups (Table 4) . When the SPIO 2-hour and SPIO 6-hour groups were compared, there were no significant differences in any of the variables assessed. Figure 3 represents the changes in the measurements in the SPIO and control groups after the treatment.
DISCUSSION
To investigate the effect of the SPIO vest on trunk posture and hip of children with CP who had impaired trunk control, posture and balance during sitting, trunk asymmetry and hip lateralization were evaluated. In the SPIO groups, CA and KA decreased, compared to baseline, while it remain unchanged in the control group. Changes in the CA and MI were similar among the groups, while change in the KA in the control group was lower than the SPIO groups. In a neurological scoliosis case, a kind of dynamic lycra-based orthosis applying derotational forces was found to decrease the CA from 33° to 15°. The CA was held at 20° for 30 months with 23 hours of wear every day. The possible mechanisms of this effect were explained by the authors with the several advantages of the lycra-based orthoses. First, it improves spinal alignment with increased body awareness. Second, the muscle strength does not reduce in contrast to the rigid orthosis use. Third, it is more cosmetic than rigid braces. As a result, patient compliance is high and makes it easier for the patients to wear the orthosis for longer periods of time. [12] Although the SPIO vest used in this study did not have the property of applying derotational forces, the CA and KA in the SPIO groups decreased after the treatment. Similar to results of the present study, in a randomized-controlled trial conducted by Azab et al., [19] TheraSuit, a kind of orthotic garment, improved trunk posture of spastic diplegic children with CP, when added to the treatment program. Trunk posture was evaluated via threedimensional posture analysis system which is capable of measuring trunk imbalance, pelvic tilt, surface rotation, and lateral deviation. Similar to our results, wearing the TheraSuit resulted in a better upright sitting position and less lateral deviation of trunk.
The MI did not show any change at 6MPT, compared to baseline. Consistent with the results of this study, Park et al. [20] found out that the KA and CA significantly decreased in study group who received electrical stimulation on back muscles to improve trunk control; however, there was no change in the lumbosacral angle after the treatment.
In an another study, contrary to our findings, Knox [13] reported that full body lycra suit permitted adduction of hips by allowing legs to be more symmetrical while sitting. However, this was a subjective observational result. When it is considered that there is a strong relationship between the sagittal spinal and pelvic parameters, better hip posture can be obtained with an improved spinal alignment. [21] Pelvic obliquity plays a crucial role in the pathogenesis of scoliosis in CP. Pelvic obliquity of the upper origin may be the result of asymmetric contraction of the trunk muscles on different sides, while pelvic obliquity of the lower origin is a result of deteriorated hip posture which, in turn, causes progression of existing scoliosis. [22] The reason why Knox's [13] findings are contrary to our results may be that the full body suit contains parts, which may be effective on both upper and lower origin of pelvic obliquity, while the SPIO vest may be effective for only upper origin. Also, similar to our findings, Willoughby et al. [23] concluded that complementary and alternative treatments did not prevent hip lateralization and, while seeking alternative therapies, children with CP should not miss the chance of early surgery, which is less complex and invasive.
Suit therapies to improve body alignment and functions in children with CP have become remarkably popular in recent years and are widely used in pediatric rehabilitation settings. There is a surge in the literature investigating the effects of suit therapies. [6, [8] [9] [10] [11] [12] [13] 19, [24] [25] [26] [27] [28] Comparison among the findings of this study and others is difficult due to the heterogeneity of subjects, type of suits used, age of the participants, and the GMFCS level of participants. Also, there is no standardized wear time for the suits. We aimed to choose one type of garment vest only (not including whole body suit, pants etc.), and we aimed to focus on investigating its effects only improving trunk posture and thus hip lateralization to prevent from confusing results.
Depending on the topography and severity of the motor impairment, trunk control and posture are impaired in children with CP to a various extent. Since trunk control is most impaired in children with diplegic and tetraplegic topographic types and at higher GMFCS levels, children with diplegic and tetraplegic CP with GMFCS levels of III-IV were included in the present study to eliminate the confounding results emerging from heterogeneous types and GMFCS levels. [3] To establish the effectiveness of suit therapies, researches should narrow the focus of investigation and choose which type of garment to use and specify CP type and GMFCS level.
The main limitations of the study are as follows: First, small sample size of the study does not allow us to draw a final conclusion about the effects of suit. Second, outcome measures used to assesses body structure and function only. Effects of suit on activity and participation were unable to be evaluated. Blinded, randomized-controlled design and evaluation of the inter-rater reliability of the radiographic measurements can be viewed as the strengths of this study. In addition, to the best of our knowledge, the present study is the first to evaluate the effects of a lycra-based compression garment orthosis on trunk posture and hip lateralization in children with CP.
In conclusion, the stabilizing input pressure orthosis vest improves kyphotic posture, but not scoliosis and hip lateralization, when used in combination with conventional exercises. Therefore, it can be used to improve sitting posture combined with conventional therapy. Since wearing this orthosis for two and six hours are also equally effective, two hours of wear can be recommended to children with low compliance to suit therapies. Finally, further large-scale studies are needed to confirm these findings.
